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GRADE OF SERVICE AND FAIRNESS POLICY FOR BANDWIDTH 
RESERVATION SYSTEM 

RELATED APPLICATION(S) 

This application claims the benefit of U.S. Provisional Application No. 
60/180,925, filed on February 8, 2000, the entire teachings of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

This invention relates generally to wireless communication systems, and more 
particularly to a technique for allocating communication resources among a number of 
different users. 

The widespread availability of personal computers has led to a situation where 
the public requires access to the Internet and other computer networks at low cost. The 
demand for such access is being expanded to include the need to connect portable 
devices, such as laptop computers, personal digital assistants, and the like, to computer 
networks. Unfortunately, the wireless Internet access market presents a merging of two 
very different cultures. The traditional wireline Internet access culture expects that 
access data rates are fixed, such as at the 56 kilobits per second (Kbps) which is 
commonly available over voice grade, residential telephone lines. This marketplace 
expects, however, that data transfer is unmetered, namely, users expect to transfer as 
much data as they wish, as long as they pay a flat fee per month. This being able to 
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access is quite different from the traditional wireless cellular telephone model that 
provides voice communication. In particular, the cellular telephone network provides 
ready access with high quality connection rates. However, the volume of traffic is not 
expected to be free; that is, the users of cellular telephones have been trained to expect 
5 to have to pay a per-minute charge for access. 

Market studies have shown that wireless Internet users are not likely to pay for 
metered access or even per-megabyte usage rates. Rather, they expect to have unlimited 
access or at least the appearance of being able to access unlimited volumes of data. 
Unfortunately, wireless system infrastructure typically provides for only a very limited 
10 amount of resources, such as wireless channels in a given cell. Thus, access to these 

a 

j limited physical resources must be shared among users in some way. 

a 
I 

SUMMARY OF THE INVENTION 

Only certain types of Internet traffic lend themselves easily to shared access. For 
example, Web browsing activity typically lends itself well to time sharing among a 
15 limited number of communication resources, such as physical communication channels. 
That is, the typical user behavior is to specify a Web page, and to expect that the Web 
page will be downloaded at high speed. But the user then spends a number of seconds, 
or even minutes, reviewing the contents of the page and thinking about what to do next 
before requesting another Web page. Thus, during periods of time when the user is 
20 thinking about what her next request will be, communication resources can be 
reallocated temporarily to some other user. 

Other applications that increasing comprise Internet traffic do not lend 
themselves so well to bandwidth sharing. Applications such as real time radio 
broadcast, executable file downloads, music file (MP3) downloads, and the like, are 
25 quite different from typical Web browsing activity. Specifically, the user requesting 
such content typically ties up resources for many seconds or minutes. The user expects 
the bandwidth to be continuously allocated for these streaming data type download 
activities. 
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Thus, at a central control such as a base station, the pool of available resources, 
i.e., communication channels, can be queued and allocated to users on a demand basis. 
This will work fine as long as there are enough channels available to satisfy user 
demand. However, if the number of available resources outstrips the demand, some 
5 scheme must be devised for sharing them on a fair basis. The problem becomes a 
multifaceted one of determining not only how much of the available resources are to be 
allocated, but also to which users and when. 

What is needed is a way to allow sharing of resources in such a way that 
degradation of service experienced by a particular user happens in a graceful fashion, 

10 and fairly, so that the users that demand more access over time are allocated fewer 

resources than users that have historically used fewer resources. The present invention 
relates to a scheme for assigning priority levels to users based upon a history of their 
request for access to the resources. If a user has, over a historical period of time, made 
fewer demands than a stated amount, that user is given a higher priority than a user who 

1 5 has made greater use of the resources than their stated amount. Thus, users making the 
heaviest demand on the available resources are allocated fewer resources despite their 
demand, whereas users that make less demands for the resources are granted more of the 
resources they request. 

An additional feature of an access allocation scheme according to the present 

20 invention is to reserve at least some resources for the users at the lowest priority levels. 
Thus, even users being assigned to a lowest priority queue will be granted at least some 
access once in a while. 

A third feature in connection with the present invention is to use the time of 
continuous transfer as a threshold to drop a presently assigned priority. For example, 

25 when a user at a particular priority level has made continuous use of resources for a 
predetermined time, that user is reassigned to the next lowest priority level and its 
resources are taken away. The user is then required to vie again for access to resources 
at this lower priority level. 
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With the invention, the grade of service experienced by any particular user 
depends upon historical use, plus the continuity of resource demand. The approach 
provides for graceful degradation of resources allocation to users in a manner which is 
fair, while at the same time providing users with the system access paradigm that will 
5 always provide at least some access to every user, no matter how heavy the demand they 
have made in the past. 

The invention therefore avoids a situation whereby particular users that demand 
a great deal of traffic can dominate a subset of the available resources. This would 
otherwise exhaust the set of available channels, making it possible that no other 
10 subscriber would be able to access any channels at all. Resources are periodically taken 
away from high demand users and made available to other users, thereby allowing for 
equitable sharing of resources. 

Furthermore, with the invention, a particular user is able to compete for the 
available channels on a more equal basis, and therefore users overall experience shorter 
15 delays, even during times of peak usage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages of the invention will be 
apparent from the following more particular description of preferred embodiments of 
20 the invention, as illustrated in the accompanying drawings in which like reference 

characters refer to the same parts throughout the different views. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of the 
invention. 

Fig. 1 is a block diagram illustrating the components of the present invention for 
25 supporting wireless data transmissions. 

Fig. 2 is a graph illustrating allowed system usage versus actual usage of 
wireless channels over a one month time period according to the present invention. 

Fig. 3 is a table illustrating allowed maximum continuous data transmission 
times according to various priority levels of the present invention. 



Figs. 4a and 4b are a flowchart illustrating a method of allocating wireless 
channel usage among multiple competing users of the wireless communication system 
of the present invention. 

Fig. 5 is a diagram illustrating a typical distribution of users versus traffic 
demand in a given month. 

Fig. 6 is a chart of typical user applications, the size of data transfers they 
require, and typical monthly volumes. 

Fig. 7 is a typical daily peak usage graph. 

Fig. 8 is a chart of parameters assumed for a system simulation. 

Fig. 9 illustrates a usage graph for one particular exemplary user. 

Fig. 10 illustrates response time experienced by users of different types in an 
average day. 

Fig. 1 1 illustrates how the assignment of just two priority levels improves 
overall access speed for high priority users. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 is a block diagram illustrating the components of the present invention for 

supporting multiple grades of service in wireless communication system 100. 

Generally, communication among multiple field units 105 and a base station 140 is 

achieved by transmitting data over wireless channels 130. 

Each end user Personal Computer (PC) 1 10, as shown, is connected via a wired 

interface 1 12 to its corresponding Subscriber Access Unit (SAU) transceiver 120 over 

which digital data such as TCP/IP packets are transmitted. The digital data is 

reformatted at the transceiver 120 and transmitted over wireless channels 130 forming a 

reverse link. 

Reformatted data packets transmitted over the wireless channels 130 are 
received and appropriately reassembled at the base station 140 by a Wireless Interface 
Facility (WIF) 145. After the received data is reassembled according to a format as 
originally transmitted by the corresponding field unit 105, the data packets are then 
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further transmitted from the WBF 145 to a network 155 where they are then routed to an 
appropriate target device connected to the network 155. 

In addition to reverse link data transmissions as described above, the wireless 
communication system 100 of the present invention also supports data transmissions on 
5 a forward direction, from devices connected to the network 155 to users at field units 
105. In a similar manner, network data packets received from network 155 are 
reformatted at WIF 145 for transmission over wireless channels 130. These packets are 
received and then reassembled at a corresponding target transceiver unit 120 to which 
the data is directed. After data packets are received at the corresponding transceiver 
? v 10 unit 120, they are reassembled in the format as originally transmitted by the source and 

l*\ are sent over connection 1 12 to the corresponding PC 1 10 for further processing. 

%j Based on bi-directional communication as described above, it is possible to 

r i_i 

I*: request information, such as a Web page, from a client server (not shown) connected to 

the network 155 and retrieve corresponding information over a wireless connection 

s 15 while at a remotely located field unit 105. 

f=i 

m In a preferred embodiment, the forward and reverse links between base station 

f ~§ 

"1*1 140 and field units 105 are defined in the wireless communication system 100 as Code 

□ Division Multiple Access (CDMA) channels. That is, each wireless channel 130 is 

preferably defined by an augmented pseudorandom noise (PN) code sequence. The PN 
20 code sequence and source data are modulated onto a radio frequency carrier for 

transmission of data over wireless channels 130. This enables a receiver to decipher one 
CDMA channel and its data from another based on knowing only the particular 
augmented PN code assigned to that channel. Hence, one or more wireless channels 
130 can be assigned for communication between base station 140 and a particular field 
25 unit 105 without interference from other users. 

As mentioned, wireless channels 130 support the transmission of data between 
each of multiple field units 105 and base station 140. In a preferred embodiment, a field 
unit 105 requesting to transmit or receive data is allocated multiple wireless channels 
130 for creating a wireless data link. Management and allocation of wireless channels 
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130 is provided by WIF 145 and corresponding resources 150. Wireless channels are 
also allocated on a demand basis. Thus, a given field unit 105- A may only have a single 
slow speed physical channel allocated when it is in an idle mode; when data needs to be 
transferred, multiple channels are aggregated to provide high bandwidth connection. 
5 Thus, the number of channels allocated to any particular field unit at any given time may 
change dynamically, during the course of a given network layer connection. More 
information as to the formatting and demand allocation of wireless channels can be 
found in our co-pending U.S. Patent Application entitled "MAINTENANCE LINK 

USING ACTIVE/STANDBY REQUEST CHANNELS," Serial No. , 

10 filed February 1, 2001 and assigned to Tantivy Communications, Inc., the assignee of 
the present application, which application is hereby incorporated by reference in its 
entirety. 

A wireless link comprising multiple wireless channels 130 enables a user at field 
unit 105 to communicate with network 155 and corresponding terminal equipment such 

15 as remote servers. Network 155 is typically a Public Switched Telephone Network 
(PSTN) or computer network such as the Internet and the data is typically formatted 
according to a specific network protocol such as TCP/IP. 

Each of multiple field units 105 compete for the use of a limited number of 
wireless channels 130 supported by communication system 100. For example, the 

20 demand to transmit data at any given time is potentially greater than bandwidth 

available for such transmissions as determined by the number of available channels and 
their data rates. As a result, wireless channels 130 must be fairly allocated for use 
among the field units 105. According to the present invention, this is done according to 
the users historical usage and instantaneous demand for access. That is, users that 

25 demand a disproportionately high number of available resources for extended periods of 
time relative to their grade of service are penalized for overuse. Accordingly, such users 
are placed on a lower priority level and are generally serviced less often. 

Several grades of service are supported by wireless communication system 100. 
Field units 105 subscribing to higher grade services will be allocated a proportionally 
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higher number wireless channels 130 when requested and higher bandwidth for data 
transmissions than those with lower grades of service. Hence, data transmissions for 
field units 105 having higher priority are typically completed in less time than that of 
lower priority field units 105. 
5 Fig. 2 is a graph illustrating resource usage by a particular user over a course of a 

month. Line B represents a threshold of allowed usage for the given user at any given 
time over the one month period. For example, at day 1 on the x-axis, a user is allowed 
to use up to 10 Megabytes (MB) of data transfers before being penalized for overuse. 
As shown, maximum cumulative usage for a month is 170 MB at day 30. It should be 
10 noted that line B includes an initial bias of 10 MB so that a user is not immediately 

f. a*. 

i 3 penalized for overuse on the first day of the month. 

,1 If actual resource usage, as illustrated by line C, is less than a corresponding 

W point on the graph for allowed usage, line B, then the priority level of the user is 

%i generally based only on the user's predetermined subscription grade which we will call 

ffi 

I" 15 here "priority level 1 When a user's actual aggregate usage line C exceeds allowed 
^ usage line B at a given time in a month, the priority level of that user is then reduced 

r ; ; 
i:? 

Q due to overuse. Accordingly, that user will be serviced at a lower rate for that time 

f *! period when line C exceeds line B. That is, a field unit 105 at a high priority level 1 

^ : will then be lowered to a priority level 2. 

20 Notably, a user is no longer penalized for overuse if she discontinues use of 

wireless communication system 100 for a period of time such that actual usage on line C 
is again less than allowed usage line B at a given point in time. For example, by day 20, 
the actual usage at a point on line C is again less than allowed usage on line B. 

Still other, lower priority levels may be associated with even heavier usage. For 
25 example, a line D may define a threshold of usage beyond which a user is dropped to a 
still lower priority level 3. 

Usage of wireless communication system 100 is preferably tracked over the 
course of one time period, such as a month. After the month expires, actual usage as 
depicted by line C for a field unit 105 is reset, i.e., actual usage for the field unit 105 is 
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set to zero for day one of the new month. Each of the multiple field units 105 preferably 
starts a new month at staggered times so that there is an even distribution of users 
penalized for overuse at any given time. 

Requests for access are queued depending on a user's priority level. As shown, 
5 a queue 160 maintains lists of access requests organized by priority level. A request 
may be entered in the queue each time a user of a field unit 105 requests access to a 
content file stored on the network 155. As requests are popped off the queue, they are 
assigned to resources according to priority level. At least some channel resources 
remain available for use by lower priority users. For example, the number of channels 
10 available to users at priority level 1 may be a multiple, N, of the number of channels 
allocated for priority level 2 users. Similarly, the number of channels allocated for 
priority 2 users may be a multiple, M, of those assigned to priority level 3 users. Where 
X represents the total system resources allotted to priority level 1 users, the net effect is 
to allocate wireless channels 130 according to priority levels 1 ::2::3 in the ratio of 
15 X::X/N::[X/(N*M)]. That is, fewer resources are allocated for use by lower priority 
level users, but there are always at least some resources available to such users. 

In the preferred embodiment, the priority ratio assigned to users at different 
priority levels is respected independently of the total number of users assigned to each 
given priority level. With this approach, the changes in the ratio of users assigned to a 
20 priority 1 level as opposed to, for example, the users assigned to a priority 2, in effect 
changes the amount of resources the priority 1 users collectively have available. 

The queue 160 allocates resources to priority levels according to the stated rates. 
To understand how this is done in a preferred embodiment, assume, first of all, that the 
system has assigned two priority levels, p x and p 2 , representing the number of users at 
25 each respective priority level. Thus, for example, 
Pi = % users at priority 1 
p 2 = % users at priority 2 
We also define a priority ratio, R, which is a ratio of the desired allocation of 
resources to users at the two priority levels. In the example being described, we assume 
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that this ratio is 1/4, i.e., the number of resources allocated to the priority 1 users is 
desired to be four times the number of resources allocated to the priority 2 users. We 
can define two unknown quantities x and y as follows: 

x = % of resources assigned to priority 1 users 

y = % of resources assigned to priority 2 users 
and the priority ratio becomes 

R = y/x 

We can then determine that y = Rx. 

Assume now that the number of users at priority 1 is 90% of the total number of 
users and those assigned to priority 2 are 10% of the available users. A simple resource 
split would mean that 80% of the resources are allocated to 90% of the users (at priority 
1), and 20% of the resources are allocated to 10% of the users (at priority 2). This 
would mean, however, in effect, a greater number of resources are actually allocated to 
each of the lower priority users, i.e., a lower priority 2 user would be given 20/10 or 2% 
of the resources, whereas a priority 1 user would only be getting 80/90 or 0.88% of the 
resources. 

A better scenario for determining resource allocation proceeds as follows. Since 
the total available amount of resources will always equal 100%, we can devise a 
relationship as follows: 

x(p 1 ) + y(p 2 ) = ioo 

Substituting the known allocation ratio identity for y, we then have the following: 

x(p!> + Rx(p 2 ) = 100 
Inserting the known ratios of users at each priority level provides the following 
relationship: 

x(90) + (x(10)/4)= 100 
Solving for x, we have 
90x + 2.5x = 100 

or 




92.5x= 100, 

x= 100/92.5 = 1.08 

The 1.08 is a percentage that indicates the amount of resources to be allocated to 
each user at priority level 1 . This gives us a total percent of resources allocated to the 
5 priority 1 users at 

1.08x90% = 97.2%. 
With y equaling x/4, 0.27 is the percent of resources allocated to each priority 2 
user. A total of 

0.27 x 10% = 2.7% 
10 of the resources are therefore allocated among all priority 2 users. 

In this way, the priority ratio R is respected independent of the total number of 
users assigned to each priority level. Therefore, this calculation is redone each time that 
users are assigned to different priority levels. 

Fig. 3 is a table illustrating how users may be penalized for using the wireless 
15 channels 130 for extended periods of time. For example, a user subscribing to the 
highest priority level 1 is allowed to transmit on a continuous basis for up to 600 
seconds. If this time threshold is exceeded, priority of that user drops to a next lower 
level based on overuse. Thus, a priority one user would be reduced to priority 2 if a 
corresponding transmission exceeds 600 seconds. As shown, subscribers with lower 
20 priorities are allowed less time to continuously transmit data in wireless communication 
system 1 00 before they are penalized. 

Placing a time limit on continuous usage has an effect of penalizing users who 
are requesting large executable file transfers, audio files, or the like, and avoids 
penalizing users who are performing normal Web browsing activities. Thus, a user who 
25 downloads a Web page may only need enough resources for, say, a 50 kbyte (kb) 

transfer. While the user reads the Web page, he no longer needs the wireless channels, 
and they can be reallocated for other users in the system. This type of user typically 
would not run past the 600 second threshold at priority level 1 . However, another user 
who is downloading an MP3 audio file will typically run up against this 600 second 
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threshold. His allocated channels are then taken away, and he is placed in the queue for 

the lower priority users to vie for access to them again. 

Figs. 4a-b is a flowchart describing a method of servicing access requests based 

on a priority scheme. Reference 410 shows an entry point for execution. In step 420, 
5 new links are formed between newly activated field units 105 and base station 140. At 

this point, wireless traffic channels 130 are not assigned for use, typically only 

maintenance channels. In step 425, system management unit at base station 140 then 

determines the priority level of all inactive users based on historical usage for the month 

as described earlier for Fig. 2. 
H 10 It is then determined in step 430 whether there is a request to transmit by any of 

the active but non- transmitting field units 105. If so, such a request to transmit is 
l h } entered into a queue in step 435. If there is no new request to transmit, program flow 

»!!; continues at step 440 where it is determined whether there any wireless channels 130 

f p j available for supporting data transmission requests pending in the queue. If there are 

!L 15 not any wireless data channels 130 available to service transmission requests, flow of 

f U the program loops back to step 420. 

Tj If there are wireless channels 130 available in step 440, flow continues at step 

H 450 where available wireless channels 130 are allocated for servicing particular 

transmission requests. Data is then transmitted on allocated wireless channels 130 in 
20 step 455. 

If a data transmissions has completed for a particular user in step 460, flow loops 
back to step 420. On the other hand, if the data transmission has not completed, it is 
determined in step 465 how long a particular user has been continuously transmitting 
data (see Fig. 3 for threshold actual values). If the maximum time for a data transfer is 
25 exceeded in step 470, the corresponding data transfer is discontinued in step 475 and a 
lower level of priority is assigned to the user due to overuse in step 480. Thereafter, 
program flow loops back to step 435. 
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If the time for transmitting data has not been exceeded in step 470, program flow 
loops to step 455 until the data transmission has completed or when the maximum time 
for a continuous transmission has been exceeded. 

Fig. 5 is a chart showing one possible distribution of users versus expected 
5 demand for resource access. As seen from the chart, an average user may request, for 
example, 175 Megabytes (MB) of data transfers per month. A small percentage of 
users, such as 10% of users, request less than 50 MB per month, the highest 10% of 
users requesting 450 MB or more of data transfers per month. 

Fig. 6 is a chart of typical Internet data transfer applications and their expected 
10 characteristics. For example, one such application is short messages. The typical user 
is expected to have 100 units of short messages per month with a unit size of 0.1 
kilobyte. The chart shows similar estimated units per month and unit size for Wireless 
Access Protocol (WAP) data, short e-mail messages, normal size e-mail messages, e- 
mail messages with attachments, text-based Web browsing, news- and searching-based 
15 Web browsing, Web downloads, distance learning, MP3 downloads, and audio file 
sharing, Internet radio, video, and video conferencing. This chart is presented as an 
example of a range of applications used by the system 100 to estimate average monthly 
loads. 

Fig. 7 is a chart of peak daily load versus time of day. Peaks are seen to occur at 
20 approximately 10:00 a.m., 2:00 p.m., and 9:00 p.m., with periods of minimum usage 
occurring from 1:00 a.m. to 4:00 a.m. 

The peak usage graph of Fig. 7 and the application types of Fig. 6 were used in a 
simulation to determine an average expected response time at various times of day. Fig. 
8 illustrates additional assumptions made in the simulation. These include an average 
25 page size of 65 kilobytes, a network round trip delay time of 0.7 seconds (that is, the 

delay from the base station out through the network and return round trip), a 400 kilobit- 
per-second shared bandwidth size, that is, the amount of bandwidth that is shareable by 
the users, and a pipe efficiency of 55%. Other assumptions made were a maximum 
average speed per subscriber of 168 kilobits per second, that is, a maximum amount of 



2479.2002-001 



# • 

-14- 



resources that may be assigned to any one user at any one time. Also assumed was the 
number of subscribers and/or users in the cell at 75. The initial allotment offset was set 
to 10 MB and the end-of-month allotment was 175 MB. In the simulation, each user 
was assumed, on average, to make a request for one access per day. 
5 The results of the simulation are shown in Fig. 10. This figure illustrates 

seconds of response time on the x axis versus user index number on the y axis. The user 
index number was assigned from 1 to 75, with the lowest user number being the user 
making the least demand on the system, and the highest user number ( index 75) being 
the user making the most demand on the system. The user demands were assumed to be 

10 distributed according to the distribution in Fig. 5. The squares on the x axis are in 
increments of 10 minutes. The simulation was run over a period of 3 months in a 
system having two priority levels that were each allocated resources based upon the 
previously described algorithm of Figs. 4a and 4b. 

Curve E in Fig. 10 illustrates the approximate number of average MB per month 

15 per given user as indicated by the 100, 200, 300, 400, and 500 tabs on the upper x axis. 
For example, user 20 is utilizing approximately 100 MB per month and exemplary user 
52 is using approximately 230 MB per month. Fig. 9 illustrates a usage graph for an 
exemplary user index 52 from the simulation. User index 52 is making use of an 
average of approximately 225 MB per month as illustrated. The average resource use 

20 by this user is applied against the allocation curve A. Thus, it is seen that for much of 
the time during the month of January, user 52 has exceeded his allotment and therefore 
is operating at priority level 2. At the beginning of February, user 52 did stay below his 
allotment curve A for a number of days, from February 3 through February 9, at which 
time he was at a priority 1. User 52 then exceeded his allotment and dropped to priority 

25 2 for the remainder of February. During most of the month of March, user 52 was at 
priority level 1, exceeding his allotment only for one day, at March 21, and then again 
from approximately March 29 through March 31 . 

The end result of the simulation shown in Fig. 10, is a plot of response time 
observed. As can be seen, the heaviest users, such as those at index 60 and above, 
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experience longer response time than the light users with indices from 1 through 10. 
These users at the lower portion of the demand curve experience minimum response 
time, even during peak hours of the day. 

Fig. 1 1 is another chart illustrating the advantages available with the invention. 
5 This chart assumes that the available resources were allocated evenly among users in the 
50-50 ratio among priority 1 and priority 2 users. In curve A in the middle of the figure, 
there was no priority assigned to allocation of channels. The users collectively, 
therefore experience, for example, when the number of users exceeds approximately 50 
in session at the same time, the amount of data bandwidth available to any given user is 

10 dropping rapidly. However, in a system where these two priority levels are available, 
the priority 1 user is experiencing a very graceful degradation in the level of service they 
are provided as illustrated by the priority 1 curve. 

We have seen therefore how the rate of service allocated to particular users 
depends on historical use over a period of time a month, plus continuity of resource 

15 allocation, such as during an instantaneous session. This approach provides for graceful 
degradation of allocation while at the same time allocating resources fairly. The result 
is as follows if the system is not overloaded, all users are given the resources that they 
request. However, once the system becomes overloaded, users with a history of usage 
that is greater than their average allowed use will be given a lower priority than those 

20 users that have a history of usage below their allotment. The system has another rule 
based on the continuous time allocation for a specific connection and once these 
thresholds are exceeded, the user will be dropped to a lower priority level. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 

25 various changes in form and details may be made therein without departing from the 
scope of the invention encompassed by the appended claims. 



